Aim: Visceral fat accumulation plays an integral role in morbidity and mortality rates by increasing the risk of developing metabolic disorders such as type 2 diabetes, dyslipidemia, and hypertension. New genetic loci associated with fat distribution, measured by waist-hip ratios and computed tomography (CT), have recently been identified by genome-wide association studies in European-descent populations. This study used CT to investigate whether single nucleotide polymorphisms (SNPs) that confer susceptibility to fat distribution are associated with visceral fat area (VFA) and subcutaneous fat area (SFA) in the Japanese population. Methods: We measured the VFAs and SFAs of 1424 obese Japanese subjects (BMI ≥ 25 kg/m 2 , 635 men and 789 women) that were genotyped at 15 SNPs, namely, TBX15 rs984222, DNM3 rs1011731, LYPLAL1 rs4846567, GRB14 rs10195252, NISCH rs6784615, ADAMTS9 rs6795735, CPEB4 rs6861681, LY86 rs1294421, VEGFA rs6905288, RSPO3 rs9491696, NFE2L3 rs1055144, ITPR2 rs718314, HOXC13 rs1443512, ZNRF3 rs4823006 and THNSL2 rs1659258.
(THNSL2) gene was identified to be associated with VFA in women by GWAS for VFA and SFA using CT 14) .
Aim
In this study, we investigated whether the 14 recently reported novel waist-hip ratio-associated SNPs 12) and VFA-associated rs1659258 14) also affect VFA or the ratio of VFA to SFA (V/S ratio) in the Japanese population, which is an important factor in the development of metabolic syndrome.
Introduction
Metabolic syndrome is a combination of medical disorders, including central obesity, impaired glucose tolerance, dyslipidemia, and hypertension, that increase the risk of cardiovascular disease morbidity and mortality 1) . Several studies have indicated that intraabdominal adipose tissue plays a central role in metabolic syndrome; accumulated visceral adipose tissue may lead to alterations in the plasma levels of adipocytokines, thereby resulting in the development of dyslipidemia, hypertension, and insulin resistance 2, 3) . Intra-abdominal fat accumulation (central adiposity) is determined by waist circumference, waist-hip ratio, biological impedance, or the visceral fat area (VFA) measured using computed tomography (CT) 1, 4, 5) . Waist circumference and the waist-hip ratio are commonly used because they are simple and convenient to measure; however, VFA measured using CT is a far more precise method of assessing fat distribution 1, 4, 5) . There is an abundance of evidence showing that body fat distribution is influenced by genetic loci [6] [7] [8] [9] . Genome-wide association studies (GWAS) have been conducted to identify the loci linked to waist circumference and the waist-hip ratio in Caucasian populations [10] [11] [12] . In a previous study, we examined the associations of 6 reported waist circumference or waist-hip ratio loci 10, 11) with VFA, and determined that the rs1558902 and rs1421085 genotypes of the fat massand obesity-associated gene (FTO) were significantly associated with subcutaneous fat area (SFA) 13) . Very recently, rs1659258 near the threonine synthase-like 2 ratio values for each SNP genotype are shown in Table  3 . Multiple linear regression analyses of the anthropometric parameters with respect to the 15 SNPs analyzed are shown in Table 4 . No SNP was significantly associated with BMI, VFA, SFA, or V/S ratio. The G-allele of rs4846567 in the LYPLAL1 gene was borderline associated with the V/S ratio (p = 0.0020). NISCH rs6784615 was nominally associated with increased VFA and the V/S ratio (p＜0.05). We did not detect a significant association between 15 SNPs and fat distribution, which may have been due to the limitation of the sample power; therefore, we conducted power analysis of linear regression (additive model) with the significance level set at p＜0.05, using age and gender as explanatory parameters. The estimated effect sizes per allele (regression coefficients) for the logarithmically transformed VFA, SFA, and V/S ratio values were 0.017, 0.010, and 0.028, respectively, based on the rs4846567 values ( Table 3 ). The power of our statistical test was calculated on the basis of these estimated effect sizes and by performing 10,000 simulations. When the allele frequency was assumed to be 0.20, the power was estimated to be 0.30 for VFA, 0.19 for SFA, and 0.59 for the V/S ratio; however, when the allele frequency was assumed to be 0.10, the respective powers were estimated to be 0.18, 0.12, and 0.38. BMI, VFA, SFA, and the V/S ratio are known to be affected by gender; thus, we compared the rs4846567 alleles with the fat distribution parameters (BMI, VFA, SFA, and V/S ratio) in men and women independently ( Table 5) . Association between LYPLAL1 rs4846567 and the V/S ratio was not significant in men (p = 0.12) and was above the predetermined significance threshold in women (p = 0.0078). The effect of other SNPs on fat distribution was also analyzed separately in men and women (Supplementary Table  1 and 2). The G allele of rs9491696 in the RSPO3 gene were nominally associated with SFA in women (p = 0.038).
Multiple linear regression analysis was performed to explore the effect of various confounding factors and clinical parameters, as well as rs4846567 genotype, on the V/S ratio. The V/S ratio was significantly correlated with age, fasting plasma glucose, insulin, homeostasis model assessment-insulin resistance index (HOMA-IR), triglycerides, high-density lipoprotein (HDL)-cholesterol, systolic blood pressure, and diastolic blood pressure (Supplementary Table 3 ). BMI and total cholesterol were not significantly correlated with the V/S ratio. Based on the results of Spearman's rank correlation coefficient calculations, we used the V/S ratio as the dependent variable, and included that were recently identified as loci associated with waist-hip ratios 12) and with VFA 14) by GWAS metaanalysis in European-descent populations, and constructed Invader probes (Third Wave Technologies, Madison, WI, USA) for each. The 15 selected SNPs were rs984222 in the T-box 15 (TBX15) gene, rs1011731 in the dynamin 3 (DNM3) gene, rs4846567 in the lysophospholipase-like 1 (LYPLAL1) gene, rs10195252 in the growth factor receptor-bound protein 14 (GRB14) gene, rs6784615 in the nischarin (NISCH) gene, rs6795735 in the ADAM metallopeptidase with thrombospondin type 1 motif, 9 (ADAMTS9) gene, rs6861681 in the cytoplasmic polyadenylation element binding protein 4 (CPEB4) gene, rs1294421 in the lymphocyte antigen 86 (LY86) gene, rs6905288 in the vascular endothelial growth factor A (VEGFA) gene, rs9491696 in the R-spondin 3 (RSPO3) gene, rs1055144 in the nuclear factor (erythroid-derived 2)-like 3 (NFE2L3) gene, rs718314 in the inositol 1,4,5-trisphosphate receptor, type 2 (ITPR2) gene, rs1443512 in the homeobox C13 (HOXC13) gene, rs4823006 in the zinc and ring finger 3 (ZNRF3) gene, and rs1659258 in the THNSL2 gene. The SNPs were genotyped using Invader assays as previously described 17) . The success rate of these assays was ＞99.5%.
Statistical Analysis
For the additive model, we categorized the genotypes as 0, 1, or 2 depending on the number of copies of the previously alluded to waist-hip ratio-associated and VFA-associated 12, 14) risk alleles present. Multiple linear regression analyses were performed to test the independent effect per allele of each SNP on BMI, VFA, SFA, and the V/S ratio by accounting for the effects of the other variables (i.e., age and gender). The BMI, VFA, SFA, and V/S ratio values were logarithmically transformed before performing multiple linear regression analysis. Hardy-Weinberg equilibrium was assessed using the χ 2 -test 18) . Statistical analyses were performed using R software (http://www.r-project. org/). P values were assessed after Bonferroni correction for multiple comparisons, and p＜0.0011 [0.05/15 (total SNP number)/3 (number of traits)] was considered significant.
Results
The clinical characteristics and genotypes of the subjects are shown in Table 1 and 2, respectively. All the SNPs were in Hardy-Weinberg equilibrium, except rs984222 (p = 0.045), and the minor allele frequencies did not diverge from those reported in the HapMap database. The BMI, VFA, SFA, and V/S were significantly associated with the V/S ratio (Supplementary Table 4 ).
Numerous waist-hip ratio-susceptible SNPs are evidently associated with metabolic traits 12) , and we examined the effects of 15 such SNPs on various metabolic traits. The risk allele (G-allele) rs4846567 in the LYPLAL1 gene was nominally associated with decreased fasting plasma glucose (p＜0.05), and rs6925288 in the VEGFA gene was associated with increased diastolic blood pressure (p＜0.05; Supplers4846567 genotype, age, gender, fasting plasma glucose, insulin, HOMA-IR, triglycerides, HDL-cholesterol, systolic blood pressure, and diastolic blood pressure as explanatory variables in the original model of multiple linear regression. Stepwise multiple linear regression analysis (both forward selection and backward elimination) revealed that rs4846567 genotype (p=0.00029), age (p＜2×10 Abbreviation: BMI, body mass index; SFA, subcutaneous fat area; SNP, single nucleotide polymorphism; VFA, visceral fat area; V/S, ratio of viscera fat area to subcutaneous fat area. 11, allele 1/allele 1; 12, allele 1/allele 2; 22, allele 2/allele 2. Allele 1 and allele 2 of each SNP are indicated in Table 2 . and r 2 (0.12) are relatively low. We have also reported that rs1558902 and rs1421085 in the FTO gene are significantly associated with SFA 13) . In this study, rs1558902 and rs1421085 were significantly associated with SFA (p = 0.00011 and 0.00012, respectively), but not with VFA (p= 0.11 and 0.092, respectively) or the V/S ratio (p = 0.096 and 0.12, respectively). A recent report by Fox et al. 14) also indicated that rs1558902 was strongly associated with SFA (p = 6.2×10 −7 ), but not with VFA or the V/S ratio. FTO rs1558902 may thus have a stronger influence on the accumulation of subcutaneous fat than it does on the accumulation of visceral fat.
NISCH rs6784615 was nominally associated with increased VFA, but had no effect on SFA, and thus, the V/S ratio increased. NISCH rs6784615 was not associated with VFA or the V/S ratio in a recent report 14) , nor did we find any association between SNPs in genes other than LYPLAL1 and the VFA, SFA, and V/S ratio values in the current study.
We did not find a significant association between THNSL2 rs1659258 and VFA or the V/S ratio in men and women. At some SNPs, risk allele frequencies in the present study were very different in this study from those in previous studies (Supplementary Table  6 ). Risk allele frequencies of DNM3 rs1011731, ADAMTS9 rs6795735, CPEB4 rs6861681, and LY86 rs1294421 in the Japanese (0.10-0.16) were much lower than those in the European population (0.34-0.57). Risk allele frequencies of GRB14 rs10195252 mentary Table 5 ).
Discussion
The most predictive risk factor for metabolic syndrome is the accumulation of visceral adipose tissue. Visceral fat mass measurement by CT is more precise than that derived from BMI, waist circumference measurement, or the waist-hip ratio. Furthermore, VFA is superior to waist circumference and the waist-hip ratio with regard to the prediction of metabolic risk factor clustering 19) . We found that the G-allele, which is rs4846567 in the LYPLAL1 gene, was marginally associated with an increased V/S ratio. Patients possessing the G-allele of rs4846567 had an increased tendency toward VFA and a decreased tendency towards SFA, which resulted in increased V/S ratios. Fox et al. 14) recently reported the association between the G-allele of rs4846567 and the V/S ratio (p = 0.0002); therefore, it is likely that rs4846567 has a strong influence on the V/S ratio.
We have previously reported that rs2605100 in the LYPLAL1 gene was not associated with VFA or SFA in a sample of 1228 subjects drawn from the Japanese population (1211 of whom overlapped with this study) 13) . SNP rs2605100 was not significantly associated with VFA (p = 0. Abbreviations: BMI, body mass index; SFA, subcutaneous fat area; SNP, single nucleotide polymorphism; VFA, visceral fat area; V/S, ratio of viscera fat area to subcutaneous fat area.
Data were derived from linear regression analysis. BMI, VFA, SFA, and V/S values were logarithmically transformed. The logarithmically transformed BMI, VFA, and SFA values and the V/S ratio were adjusted for age. Numbers in bold indicate a p-value of ＜0.05.
was significant after correction for multiple comparisons. This SNP has been previously reported to be significantly associated with the waist-hip ratio in women, but not men 12) . A recent report also indicated that rs4846567 was strongly associated with the V/S ratio in women (p = 0.0004), but not men (p = 0.05) 14) . We have recently reported that rs1004467 in the cytochrome P450, family 17, subfamily A, polypeptide 1 (CYP17A1) gene and rs11191548 in the 5'-nucleotidase, cytosolic Ⅱ (NT5C2) gene were significantly associated with reductions in both VFA and SFA in women, but not in men 21) . Our studies and previous reports highlight the need for a better understanding of the underlying molecular mechanisms in the sex differences in the regulation of the distribution of body fat.
In addition to the rs4846567 genotype, fasting plasma glucose, triglycerides, and HDL-cholesterol reportedly each affect the V/S ratio independently 22) . Polymorphism rs4846567 exists in the downstream region of the LYPLAL1 gene, encoding lysophospholipase-like protein. The crystal structure of LYPLAL1 is closely related to acyl protein thioesterases, and LYPLAL1 exhibits neither phospholipase nor triacylglycerol lipase activity, but accepts short-chain substrates 23) . Although the physiological substrates involved remain unclear, the LYPLAL1 gene may contribute to fat distribution via involvement in lipid and/or glucose metabolism. Indeed, LYPLAL1 mRNA expression is increased in the subcutaneous adipose tissue of obese subjects 24) , but not in their visceral adipose tissue. Previous reports and our results suggest that the LYPLAL1 gene plays a different role in the visceral and subcutaneous adipose tissue mass. Further investigation is necessary to elucidate the effect of rs4846567 on the expression of LYPLAL1 and the role of the LYPLAL1 gene in the regulation of fat distribuand VEGFA rs6905288 in the Japanese (0.92 and 0.78) were much higher than those in the European population (0.60 and 0.56). The risk allele frequencies affected the power of the study and effect size. Thus, ethnic differences exist, although further studies with more subjects are required to investigate potential associations between the above-mentioned 15 SNPs and fat distribution in the Japanese population, and further investigation of others SNPs in the LD is also warranted.
Sexual dimorphism has long been acknowledged with regard to fat distribution 20) . LYPLAL1 rs4846567 had a stronger effect on the V/S ratio in women (p = 0.0078) than in men (p = 0.12), although neither Abbreviations: DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL, high density lipoprotein; HOMA-IR; homeostasis model assessment-insulin resistance index; SBP, systolic blood pressure. HOMA-IR was assessed as fasting insulin (μU/mL)×fasting plasma glucose/405. Spearman correlation coefficients were used to evaluate correlations of V/S ratio with various parameters. Values of V/S ratio, BMI, FPG, insulin, HOMA-IR, and triglycerides were logarithmically transformed. rs984222  rs1011731  rs4846567  rs1659258  rs10195252  rs6784615  rs6795735  rs6861681  rs1294421  rs6905288  rs9491696  rs1055144  rs718314  rs1443512  rs4823006   TBX15  DNM3  LYPLAL1  THNSL2  GRB14  NISCH  ADAMTS9   CPEB4  LY86  VEGFA  RSPO3  NFE2L3  ITPR2  HOXC13 rs984222  rs1011731  rs4846567  rs1659258  rs10195252  rs6784615  rs6795735  rs6861681  rs1294421  rs6905288  rs9491696  rs1055144  rs718314  rs1443512  rs4823006   TBX15  DNM3  LYPLAL1  THNSL2  GRB14  NISCH  ADAMTS9   CPEB4  LY86  VEGFA  RSPO3  NFE2L3  ITPR2  HOXC13 tion. Some of the waist-hip ratio-susceptible SNPs investigated in the current study are reportedly associated with metabolic traits 12) ; however, our multiple tests did not identify any significant associations between these SNPs and metabolic traits. These results were similar to those reported by Burgdorf et al. 25) ; therefore, it is likely that each individual waist-hip ratio-susceptible polymorphism may exert only a weak effect on metabolic traits. The results observed in the current study were also inevitably influenced by the low power of this study. Further studies with more subjects are required to investigate the association between 15 SNPs and metabolic traits.
Supplementary

Conclusion
In summary, we showed that LYPLAL1 rs4846567 is marginally associated with an increased V/S ratio. Our results and previous reports suggest that a region in close proximity to the LYPLAL1 gene is involved in increasing the relative amount of visceral fat mass.
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